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5.1 OVERVIEW

Ethylbenzene is an aromatic hydrocarbon naturally present in crude petroleum. It is widely distributed in
the environment because of human activities such as the use of fuels and solvents (which account for the
bulk of emissions) and through chemical manufacturing and production activities. Because of its volatile
nature, partitioning into the atmosphere from various environmental media is an important environmental
fate process. Exposure to this chemical is thus most likely to occur by inhalation. However, it is also
present in trace amounts in some water supplies. Thus, ingestion also may be an important exposure
pathway in some cases. Exposures from contaminated water may also occur via inhalation and dermal

absorption during showering and other household activities (Beavers et al. 1996).

Physical, chemical, and biological processes can remove ethylbenzene from the medium of concern and
reduce human exposures. In the atmosphere, ethylbenzene, which exists predominantly in the vapor phase,
is removed by partitioning into rainwater or by chemical transformations caused by the sun’s energy
(photooxidation) via reaction with hydroxyl radicals, which structurally alter the molecule. Photolytic
transformations may also take place in surface water in the presence of naturally occurring hurnic materials
(sensitized photolysis). Biologically induced transformations take place largely in soil and surface water in
the presence of oxygen; however, anaerobic degradation can also occur in soil, sediment, and groundwater.
Although chemical transformations can result in reduced exposures to ethylbenzene in the atmosphere, one
toxic by-product of ethylbenzene photodegradation, peroxyacetylnitrate (PAN) may be of concern.
Ethylbenzene, as well as a variety of other hydrocarbons, has been implicated in the atmospheric formation

of PAN in smog (Yanagihara et al. 1977).

The kinetics of partitioning and/or transformation processes are site specific and depend upon many
external factors. For example, the extent of biodegradation observed in an environmental medium depends
upon the type and population of microorganisms present, the concentration of ethylbenzene, the presence of
other compounds that may act as a substrate, and the presence or absence of oxygen. Biodegradation in

soil will also compete with migration processes such as volatilization and infiltration to groundwater.

Because ethylbenzene migration is only moderately retarded by adsorption onto soil, rapid transport of the
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compound to an anaerobic environment (groundwater) before biotransformation in soil is possible and may

allow ethylbenzene to persist in an aquifer.

Although information is limited on dietary exposures, ethylbenzene does not appear to significantly
bioaccumulate in aquatic or terrestrial food chains, and human exposure through this route is not likely to

be of concern.

Exposure of the general population to ethylbenzene is possible through contact with gasoline, automobile
emissions, solvents, pesticides, printing ink, varnishes, coatings, and paints. Cigarette smoke also has been
identified as a source of exposure to this chemical. Ethylbenzene is widely present at low concentrations in
rural, suburban, and urban atmospheres with the highest concentrations generally detected in areas of
gasoline stations, tunnels, highways, and parking lots. Ethylbenzene is also typically present in indoor air
at low concentrations (median = 1 ppb). Occupational exposures are expected within the petroleum
industry; within industries using solvents, paints, and coatings; and during the manufacture and handling of

ethylbenzene and styrene (which is manufactured from ethylbenzene).

Several groups within the general population may have potentially higher exposures to ethylbenzene by
inhalation or by consumption of or dermal contact with contaminated drinking water or soil. These groups
include individuals living near manufacturing and processing facilities, petroleum refineries, and hazardous
waste disposal sites. Exposures associated with the consumption of contaminated drinking water as well as
with inhalation and dermal exposure during showering and bathing in contaminated water would be
expected for individuals that derive their primary drinking water supply from residential wells
downgradient of uncontrolled landfills, hazardous waste sites, and leaking underground storage tanks that
are contaminated with ethylbenzene. Individuals living near these sites may also be exposed via dermal

contact with, or ingestion of soil contaminated with ethylbenzene.

Ethylbenzene has been identified in at least 731 of the 1,467 current or former EPA NPL hazardous wastes
sites (HazDat 1998). However, the number of sites evaluated for ethylbenzene is not known. The
frequency of these sites within the United States can be seen in Figure 5-1. Of these sites, 718 are located

in the United States and 2 are located in the Commonwealth of Puerto Rico (not shown).



Figure 5-1. Frequency of NPL Sites with Ethylbenzene Contamination

Derived from HazDat 1998
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5.2 RELEASES TO THE ENVIRONMENT

According to the Toxics Release Inventory (TRI), in 1996, a total of 27538,543 pounds (12,491,273 kg)
of ethylbenzene was released to the environment from 95 1 large processing facilities (TR196 1998).
Table 5-1 lists amounts released from these facilities. Of the total release, an estimated 76,352 pounds
(34,633 kg) were released by manufacturing and processing facilities to publicly owned treatment works
(POTWs) and an estimated 17,733,077 pounds (8,043,588 kg) were transferred offsite (TR196 1998). The
TRI data should be used with caution because only certain types of facilities are required to report (EPA
1995d). Therefore, this is not an exhaustive list. Facilities are required to report data to TRI if they have
10 or more full-time employees, if the facility is classified under Standard Industrial Classification (SIC)
codes 20 through 39, if the facility manufactures or processes more than 25,000 pounds of the chemical, or
otherwise uses more than 10,000 pounds of the chemical in the calendar year (EPA 1995d).

Ethylbenzene has been identified in a variety of environmental media (air, soil gas, surface water,
groundwater, leachate, soil, and sediment) collected at 731 of the 1,467 NPL hazardous waste sites

(HazDat 1998). The frequency of these sites within the United States can be seen in Figure 5-1.

5.2.1 Air

The majority of ethylbenzene releases to the environment occur to the atmosphere. Because of its frequent
use, and production in manufacturing operations, ethylbenzene is an important industrial chemical. In
1994, ethylbenzene was ranked 19th among the top 50 chemicals produced in the United States, with total
production estimated to be almost 12 billion pounds (C&EN 1995a). Its release can occur during
manufacturing, processing, and handling. In 1978, emissions of ethylbenzene in the United States from
catalytic reformate production alone were estimated at over 2 million pounds (Fishbein 1985). Fuels and
solvents, however, are considered to account for the bulk of emissions (Fishbein 1985). Gasoline contains
approximately 2% (by weight) ethylbenzene, which is added as an anti-knocking agent (Mayrsohn et al.
1978 as cited in NAS 1980). Ethylbenzene has been measured from tail pipe emissions of gasolinepowered
vehicles at a weighted average rate of 12 mg/km (considering both catalyst and noncatalyst

equipped cars) (Hampton et al. 1983). Exposures to ethylbenzene can also occur while individuals are
traveling in the passenger compartment of automobiles, and the chemical has been found at much higher

concentrations during automobile engine malfunctions (Lawryk and Weisel 1996; Lawryk et al. 1995).



Table 5-1. Releases to the Environment from Facilities That Manufacture or Process Ethylbenzene

Total of reported amounts released in pounds per year *

NUMBER OF UNDERGROUND POTW OFF-SITE TOTAL

STATE® FACILITIES AIR° WATER LAND INJECTION TRANSFER WASTE TRANSFER ENVIRONMENT ¢
AK 2 20,935 1 400 0 0 9 21,345
AL 26 254,092 1,000 0 0 250 373,496 628,838
AR 18 230,878 89 250 0 0 177,062 408,279
AZ 2 1,406 0 0 0 0 10,550 11,956
CA 53 61,082 22 280 250 7,314 420,563 489,511
CO 4 3,449 0 0 0 0 510 3,959
CT 8 8,658 333 0 0 1 121,438 130,430
DE 3 29,850 0 0 0 0 71,991 101,841
FL 12 147,452 0 0 0 307 304,669 452,428
GA 18 208,611 0 0 0 20 447,509 656,140
HI 2 4,308 0 255 0 0 395 4,958
1A 16 219,330 0 0 0 0 150,854 370,184
IL 74 292,442 399 898 0] 5,737 1,830,466 2,129,942
IN 52 450,161 307 292 G 10 369,197 819,967
KS 17 169,415 35 0 0 5 144,118 313,573
KY 20 665,455 109 1,721 0 420 583,112 1,250,817
LA 41 306,031 621 5§30 2,099 76 217,752 527,109
MA 5 2,641 0 0 0 0 21,938 24,579
MD 9 112,806 6 0 0 77 124,454 237,343
ME 2 2,916 0 0 0 0 15,841 18,757
Mi 54 1,215,104 0 0 0 2,947 4,033,468 5,251,519
MN 15 188,441 27 0 0 5 169,773 358,246
MO 30 897,437 0 0 0 757 593,269 1,491,463
MS 19 393,271 46 12 0 5 217,225 610,559
MT 4 21,450 9 5 0 5 1,078 22,547
NC 18 97,516 0 0 o 2,600 122,470 222,586
ND 2 14,674 0 0 0 0 528 15,202
NE 5 74,648 5 0 0 0 3,936 78,589
NH 2 41,882 0 0 0 0 2,050 43,932
NJ 28 102,897 153 0 0 387 680,200 783,637
NM 5 46,537 0 510 0 250 1,318 48,615
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Table 5-1. Releases to the Environment from Facilities That Manufacture or Process Ethylbenzene (continued)

Total of reported amounts released in pounds per year *

NUMBER OF UNDERGROUND POTW OFF-SITE TOTAL

STATE® FACILITIES AIR © WATER LAND INJECTION TRANSFER WASTE TRANSFER ENVIRONMENT ¢
NV 2 131 0 0 0 0 0 131
NY 15 94,489 65 0 0 5 309,826 404,385
OH 75 675,661 36 2,006 40 2,143 2,379,358 3,059,244
OK 13 130,924 48 36 0 209 68,517 199,734
OR 6 12,640 o 0 0 0 7,166 19,806
PA 49 248,275 264 2 0 10,526 799,691 1,058,758
PR 6 35,888 1,108 0 0 0 1,172,432 1,209,428
RI 2 13,460 0 0 0 0 3,100 16,560
SC 8 46,321 0 0 0 250 156,198 202,769
SD 4 39,339 0 0 0 0 18,904 58,243
TN 17 163,094 6 0 0 1,303 128,583 292,986
X 107 757,335 641 53,662 333,638 38,958 1,019,155 2,203,289
uTt 8 8,893 250 75 0 1,327 516 11,061
VA 14 334,907 721 0 0 39 31,098 366,765
Vi 1 36,179 1 0 0 0 3,192 39,372
vT 1 905 0 0 0 250 250 1,405
WA 14 120,021 13 13 0 0 7,804 127,851
Wi 22 160,632 0 0 0 169 338,806 499,607
wv 15 121,992 500 0 0 0 77,146 199,638
wy 6 37,422 260 877 5 0 96 38,660

Source: TRI9%6 1998

® Data in TRI are maximum amounts released by each facility
® Post office state abbreviations used

° The sum of fugitive and stack releases are included in releases to air by a given facility
9 The sum of all releases of the chemical to air, land, and water, and underground injection wells; and transfers off-site by a given facility

POTW = publicly owned treatment works
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Emissions from gasoline-powered vehicles were found to be somewhat higher than from diesel trucks
(Hampton et al. 1983). Similarly, ethylbenzene has been measured in jet fuel emissions (Katzman and
Libby 1975) and has been reported in waste incinerator stack emissions (Jay and Stieglitz 1995; Junk and
Ford 1980). Most recently, ethylbenzene has been shown to be released into the atmosphere from volatile
organic compound (VOC)-laden waste water in municipal sewer systems (Quigley and Corsi 1995).

Emissions of ethylbenzene can arise from transport of hot asphalt from a manufacturing plant to a paving
site and from subsequent road paving operations. Kitto et al. (1997) measured the emissions of volatile
organic compounds from Type [ and Type II hot asphalts. At 150°C, the concentration of the ethylbenzene
emissions from Type I asphalt was 800 pg/m’; at 200°C, the concentration was 2,200 pg/m’, an

increase by a factor of 2.8. At 150°C, the concentration of the ethylbenzene emissions from Type 11
asphalt was 7000 pg/m’; at 200°C, the concentration was 21,000 pg/m’, an increase by a factor of 3.

Mukund et al. (1996) conducted chemical mass balance source apportionment modeling on a data set of
142 3-hour integrated air samples collected at six different sites in three separate campaigns during the
summer of 1989 in Columbus, OH. The contributions (+ standard error) from the sources considered,
expressed as percentage of measured average concentration, were 5511 from vehicle exhaust, 0.7&2
from gasoline vapor, 0£3 from natural gas, 20+4 from industrial solvents, and 01 from the drycleaning/
degreasing/wastewater composite source. These five sources contributed 76+12% of the measured
average concentration of 1.1 pg/m’.

Ethylbenzene releases to the air especially in indoor environments can occur with the use of consumer
products such as pesticides, liquid process photocopiers and plotters, solvents, carpet glue, paints,
varnishes, automotive products, adhesives, and fabric and leather treatments (Hodgson et al. 1991; Lillo et
al. 1990; NAS 1980; Otson et al. 1994; Sack et al. 1992; Wallace et al. 1987b). Ethylbenzene (in addition
to other aromatic hydrocarbons, such as benzene, styrene, and xylenes) has also been measured in cigarette
smoke (Barrefors and Petersson 1993; Wallace et al. 1986, 1987¢). A recent study of indoor air in a home
using gasoline-contaminated drinking water found that exposures to ethylbenzene could occur via
inhalation during showering and other household activities (Beavers et al. 1996). Ethylbenzene
concentrations in shower air were often one to two orders of magnitude higher than non-shower air.
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According to the TRI, in 1996, the estimated releases of ethylbenzene of 9,324,283 pounds (4,229,424 kg)
to air from 951 large processing facilities accounted for about 33.9% of total environmental releases
(TR196 1998). Table 5-1 lists amounts released from these facilities. The TRI data should be used with
caution, however, since only certain types of facilities are required to report (EPA 1995d). Therefore, this

is not an exhaustive list.

Ethylbenzene has been identified in air and soil gas samples collected at 87 and 44 of the 731 NPL

hazardous waste sites respectively, where it was detected in some environmental media (HazDat 1998).

5.2.2 Water

Releases to water can occur as a result of industrial discharges (Snider and Manning 1982), fuel spillage
(Gschwend et al. 1982; Tester and Harker 1981), leaking petroleum pipelines or underground storage tanks
(Cotruvo 1985), landfill leachate (Barker 1987; Beavers et al. 1996; Chen and Zoltek 1995; Hallbourg et
al. 1992), and the inappropriate disposal of wastes containing ethylbenzene (Eiceman et al. 1986). Ocean
releases occur as a result of offshore oil production, hydrocarbon venting, oil field brines, and tanker oil
spills (Sauer et al. 1978). Sauer and Tyler (1995) recently reported that ethylbenzene was one of the most
commonly detected VOCs in motor vehicle waste fluids released from routine vehicle maintenance shops
entering catch basins and septic tanks in Wisconsin. Ethylbenzene was detected at a mean concentration of
11 ppb (range 3-98 ppb) in catch basin waste water, 1.5 ppb (range 7-23 ppb) in septic tank effluent, and

8 ppb (range 9-53 ppb) in septic tank sludge.

According to the TRI, in 1996, the estimated releases of ethylbenzene of 7,075 pounds (3,209 kg) to water
from 95 1 large processing facilities accounted for less than 0.1% of total environmental releases (TR196
1998). However, 76,352 pounds (34,633 kg) were released indirectly to POTWs and some of this volume
may have been released to surface water. Table 5-1 lists amounts released from these facilities. The TRI
data should be used with caution, however, since only certain types of facilities are required to report (EPA

1995d). This is not an exhaustive list.

Ethylbenzene has been identified in surface water, groundwater, and leachate samples collected at 115,
488, and 92 of the 731 NPL hazardous waste sites respectively, where it was detected in some

environmental media (HazDat 1998).
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5.2.3 Soil

Ethylbenzene can be released to soils through the spilling of gasoline and other fuels (Sauer and Tyler
1995; Tester and Harker 1981); through the disposal of solvents and household products such as paint,
cleaning and degreasing solvents, varnishes, and pesticides; through emissions from leaking underground

storage tanks (Cotruvo 1985), and leaching from landfill sites (Barker 1987).

According to the TRI, in 1996, the estimated releases of ethylbenzene of 61,824 pounds (28,043 kg) to soil
from 951 large processing facilities accounted for about 0.2% of total environmental releases (TR196
1998). In addition, an estimated 335,932 pounds (152,376 kg) or 1.2% of total environmental releases
were released via underground injection. Table 5-1 lists amounts released from these facilities. The TRI
data should be used with caution, however, since only certain types of facilities are required to report (EPA

1995d). This is not an exhaustive list.

Ethylbenzene has been identified in soil and sediment samples collected at 379 and 132 of the 73 1 NPL

hazardous waste sites respectively, where it was detected in some environmental media (HazDat 1998).

5.3 ENVIRONMENTAL FATE

5.3.1 Transport and Partitioning

The moderately high vapor pressure of ethylbenzene (Table 3-2) suggests a moderate to strong tendency for
ethylbenzene to partition into the atmosphere where it will exist predominantly in the vapor phase
(Eisenreich et al. 198 1; Mackay 1979; Masten et al. 1994). Depending upon site-specific conditions,
releases to surface soil can result in substantial losses to the atmosphere in addition to subsurface
infiltration. Since it has a moderately high vapor pressure, ethylbenzene will evaporate fairly rapidly from
dry soil. Vapor phase transport will occur from subsurface releases (i.e., from leaking underground storage
tanks) and during migration through unsaturated soil pore spaces (Rhue et al. 1988). This vapor phase
migration is measured using soil gas sampling methods. Atmospheric reaction with hydroxyl radicals can

limit the atmospheric ethylbenzene transport (Dewulf and van Langenhove 1997).
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The high Henry’s law constant (Table 3-2) which measures partitioning between water and air, indicates
that a significant proportion of ethylbenzene will partition from water into air (Mackay 1979; Masten et al.
1994). Ethylbenzene dissolved in surface water, soil pore water, or groundwater will thus migrate into an
available atmospheric compartment until its saturated vapor concentration is reached. Based on its K,
value (Table 3-2) and using the classification scheme of Swann et al. (1983), ethylbenzene is classified as
having moderate mobility in soils. Sorption and retardation by soil organic carbon content will occur to a
moderate extent, but sorption is not significant enough to completely prevent migration in most soils.
Particularly in soils with low organic carbon content, ethylbenzene will tend to leach into groundwater.
Mobility is also possible in aquifers that contain very little solid-phase organic matter, a condition common
to sand and gravel aquifers (Ptacek et al. 1984). Sorption and desorption experiments performed by
Dewulf et al. (1996) demonstrated that the sorption process of ethylbenzene on marine sediments is
reversible and that the sorption is even lower than expected from the log K, data and the organic carbon
content of the sediment. They concluded that the marine sediment compartment is not an important sink for

the VOCs investigated when they are brought into the environment.

When ethylbenzene is part of a complex mixture of hydrocarbons associated with a petroleum spill or leak,
the proportion of ethylbenzene that will bind to soil versus the amount that will migrate toward
groundwater depends primarily on the type of soil, the particular petroleum product in which the
ethylbenzene is dissolved, the size of the spill, and the amount of rainfall (Stokman 1987). For example,
the solubility of ethylbenzene varies in accordance with the presence of other petroleum products (Ptacek et
al. 1984). While the pure compound solubility of ethylbenzene in water is 180 mg/L, its solubility in water
equilibrated with JP-jet fuel is 10.6 mg/L (Burris and Maclntyre 1984). Potter (1993) also reported that

the equilibrium aqueous solubility of ethylbenzene was 2.4 mg/L with gasoline, 0.18 mg/L with diesel
fuel, and 0.007 mg/L with #6 fuel oil equilibrated with groundwater. Both of these authors calculated the
solubility concentrations of ethylbenzene in water equilibrated with various petroleum products. In
addition, solvent spills of chemicals such as ethylbenzene may enhance the mobility of other organic
chemicals, which do strongly adsorb to soil (Rao et al. 1985). No information was found concerning

bioavailability of ethylbenzene from soil for human dermal or oral uptake.

Boyd et al. (1990) reported that corn residues absorbed a significantly greater amount of ethylbenzene as

compared with surface soil. The authors suggested that the highly lipophilic plant cuticle appears to be the
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sorptive component. Kango and Quinn (1989) also reported that humic acid adsorbed higher amounts of

ethylbenzene and xylenes ranging from 40 to 77 times greater than soil.

Once in the atmosphere, ethylbenzene will be transported until it is removed by physical or chemical
processes. Physical removal processes, which involve partitioning into clouds or rainwater, are relevant to
ethylbenzene, which has been measured in Los Angeles rainwater (Kawamura and Kaplan 1983). The
concentrations of several dissolved organic chemicals in rainwater and in the atmosphere during rainfall
events were measured by Ligocki et al. (1985). The authors found that the concentration of ethylbenzene in
rainwater was approximately equal to the inverse of the dimensionless Henry’s law constant (Table 3-2) at
atmospheric temperatures. This indicates that ethylbenzene is removed from the atmosphere through

precipitation, but it can re-enter the atmospheric environment upon evaporation.

In comparison to chemicals such as polychlorinated biphenyls (PCBs), DDT, and other chlorinated
pesticides, which are of great concern with respect to bioaccumulation, ethylbenzene does not significantly
bioaccumulate in aquatic food chains. A bioconcentration factor (BCF) in fish of 37.5 based on a log K,
of 3.15 has been estimated (EPA 1980). A 3% weighted average lipid content in fish and shellfish was
assumed by EPA in the calculation. The calculated BCF is a theoretical value based on known constants,
and is a conservative estimate of the bioconcentration of this chemical in fish. A calculated BCF of 167
was also estimated for fathead minnows (Pimephales promelas) (ASTER 1995). In a shellfish study, the
ethylbenzene concentration in clam tissue was 5 times higher than that measured in water after an 8-day

continuous-flow exposure to the water-soluble fraction of Cook Inlet crude oil (Nunes and Benville 1979).

Ethylbenzene has also been found to partition into human tissues, primarily as a result of inhalation
exposures (see Section 5.5). Ethylbenzene has been detected in human adipose tissue (Section 2.3.2. 1),
blood (Sections 2.2.1 and 2.3.1), and in breast milk (Sections 2.6 and 2.7.1). No information was located
concerning the bioavailability of ethylbenzene from contaminated soil or sediment either with respect to

dermal exposure or oral intake via consumption of soil particles from unwashed hands.
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5.3.2 Transformation and Degradation

5.3.2.1 Air

Ethylbenzene undergoes atmospheric transformations through reaction with photolytically generated
hydroxyl radicals (Atkinson et al. 1978; Ohta and Ohyama 1985; Ravishankara et al. 1978), NO; radicals
(Atkinson et al. 1987), and atomic oxygen (Grovenstein and Mosher 1970; Herron and Huie 1973). Gas
phase reactions with ozone and structurally similar molecules such as toluene have been observed
(Atkinson and Carter 1984). Reactions with hydroxyl radicals appear to be of most importance, and a
chemical lifetime of 35 daylight hours for ethylbenzene has been estimated (Atkinson et al. 1978). An
atmospheric half-life of 2.7 days (65 hours) was estimated using the Atmospheric Oxidation Program (SRC
1995). Degradation appears to be somewhat faster (half-life of 5.5 hours) in summer than in winter (halflife
24 hours) (Ravishankara et al. 1978; Singh et al. 1981), and faster under photochemical smog

conditions (Dilling et al. 1976). Oxidation by-products from the reaction with hydroxyl radicals and
nitrogen oxides include ethylphenols, benzaldehyde, acetophenone, and m- and p-nitroethylbenzene
(Hoshino et al. 1978). The major degradation pathways for ethylbenzene in the atmosphere are

summarized in Figure 5-2.

Experiments conducted with various hydrocarbons on the formation of photochemical aerosols or the haze
associated with smog revealed that aromatics such as ethylbenzene produced only low yields of aerosol
when compared with more reactive compounds such as alkenes (O’Brien et al. 1975). The formation of
peroxyacetylnitrate (PAN) is related to the photoreactivity of the reacting hydrocarbon. The
photoreactivity of ethylbenzene is intermediate relative to other atmospheric hydrocarbons, and it is less

reactive than gasoline, toluene, and alkenes such as propene (Yanagihara et al. 1977).

5.3.2.2 Water

In surface water, transformations of ethylbenzene may occur through two primary processesphotooxidation
and biodegradation. Although ethylbenzene does not directly absorb light wavelengths that

reach the troposphere, it is capable of undergoing photooxidation in water through an indirect reaction with
other light-absorbing molecules, a process known as sensitized photolysis. The compounds 1-methylphenyl

ketone (acetophenone), 1-phenylethanol, and benzaldehyde were identified from the laboratory
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Figure 5-2. Major Degradation Pathways for Ethylbenzene

in the Atmosphere
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photooxidation of ethylbenzene in both distilled water and seawater with acetophenone used as a sensitizer
(Ehrhardt and Petrick 1984). In the environment, similar degradation is expected to occur in the presence
of ubiquitous, naturally occurring humic material sensitizers. The major degradation pathways for ethylbenzene

in water are summarized in Figure 5-3.

Biodegradation in aerobic surface water will compete with sensitized photolysis and transport processes
such as volatilization. Volatilization and biodegradation of ethylbenzene in seawater have been observed
by Gschwend et al. (1982), Masten et al. (1994), and Wakeham et al. (1983). Migration from surface
water to subsurface soil with low amounts of oxygen or to aquifers with lower microbial populations,
however, will limit the rate of transformation. No significant disappearance of ethylbenzene during

11 weeks of incubation with bacteria under low oxygen (anoxic) conditions was observed by Bouwer and
McCarty (1983). Slow degradation of ethylbenzene was reported in anaerobic aquifer materials known to
support methanogenesis, although a long acclimation period or lag time was required (Wilson et al. 1986).
Less than 1% of the initial concentration of ethylbenzene remained after 120 weeks, indicating that, given

sufficient time, ethylbenzene will be essentially completely biodegraded.

Laboratory microcosm tests were conducted to determine optimum conditions for ethylbenzene biodegradation
by aquifer microorganisms under denitrifying condition (Hutchins 199 1). Ethylbenzene was

degraded to below 5 pg/L when present as a sole source substrate and stoichiometric calculations indicated
that nitrate removal was sufficient to account for 70 to 80% of the compound being mineralized. Biodegradation
did not occur without the presence of nitrate, and nitrate removal was minimal without the

presence of the ethylbenzene over a 55-day incubation period. In a laboratory microcosm containing

aquifer material and groundwater from the North Bay site in Ontario, Canada, no significant loss of ethyl-
benzene was observed compared to unamended controls over a period of 187 days. In another experiment
conducted at the North Bay site that used in situ biodegradation columns, ethylbenzene was completely
degraded in at least 1 of the 8 in situ columns in less than 100 days (Acton and Barker 1992). In all cases,

the authors attributed the ethylbenzene attenuation to biodegradation by methanogenic and fermentative
bacteria. In another study using a laboratory scale flow-through aquifer column system, low dissolved

oxygen (<l mg/L) conditions were initiated with the nitrate-amended column influent in order to mimic
contaminated groundwater Fonditions distal from a nutrient injection well (Anid et al. 1993). The authors
reported that 40% of the ethylbenzene was removed after several months of operation. In a similar study,

using batch incubations seeded with 4 different aquifer materials, ethylbenzene was not degraded within



Figure 5-3. Major Degradation Pathways for Ethylbenzene in Water, Sediment, and Soil

CH;, CH3 CHa p.lq
CH OH c=0
© photooxidation © @ ©
Ethylbenzene 1-Phenylethanol Acstophenone Benzaldehyde
OH
|
CH2 HC= o COOH
CH,COOH CH,COOH
OH OH
| aerobic _ Ring Fission
[ transformation
HO
2-Phenethyl alcohot Phenylacetaldehyde Phenyl acetic acid o-Hydroxyphenyl- 2,5-Dihydroxypheny!
acetic acid acetic acid
(homogentisic acid)
\ CH2COO0H '
CH:1 CHQ CHZOH
CH OH — Ring Fission
|___aerobic _
translormatlon —_— OH
p-Hydroxyphenyl-
acetic acid
1-Phenylethanol Acetophenone 2-Hydroxyacetophenone
e e e
CH; CH, CH,
. OH OH
Traafommaion * Ring Fission
OH OH
o-Ethylphenol m-Ethyiphenol 3-Ethylcatechol
CHZOH
== CH, CHOH
aeroblc
[transformation
Styrene 1-Phenyl-1,2-ethanediol
anaerobic may be degraded under denitrifying conditions

transformation

Sources: Ehrhardt and Petrick 1984; Van DerlLinden and Thijsse 1965; Burback and Perry 1993; Lee and Gibson 1996

INIZNIFIAHLI

JHNSOdX3 NVYIWNH HO4 TVILNILOd 'S

6EL



ETHYLBENZENE 140
5. POTENTIAL FOR HUMAN EXPOSURE

4 months in any of the denitrifying enrichments tested, even though nitrate reduction occurred. Burback

and Perry (1993) reported than Mycobacterium vaccae can catabolize a number of major groundwater
pollutants, including ethylbenzene. At a concentration of 100 ppm ethylbenzene was not measurably

degraded; however, at 50 ppm, 80% of the added ethylbenzene was degraded. A product peak of 4-ethylphenol

was detected as well as a small amount of I-phenylethanol.

The contrast between biodegradation rates in the presence or absence of oxygen was demonstrated by a
biofilm reactor study designed to simulate an aquifer (Bouwer and McCarty 1984). Continuous-flow
laboratory column studies under aerobic and methanogenic conditions were performed with mixed bacterial
cultures on glass beads. In the aerobic biofilm column, 99% of the ethylbenzene initially present was
degraded within a 20minute detention time, while under methanogenic (anaerobic) conditions, only 7%

was degraded within a 2-day detention time.

5.3.2.3 Sediment and Soil

Biodegradation of ethylbenzene by aerobic soil microbes has been reported by various researchers. The
common soil microorganism Pseudomonas putidu is able to utilize ethylbenzene as a sole source of carbon
and energy (Fukuda et al. 1989; Gibson et al. 1973). In some instances, co-oxidation or co-metabolism
was observed (i.e., ethylbenzene was degraded by Nocurdiu sp. in the presence of other compounds that are
more readily metabolized by the microorganism) (Jamison et al. 1970; Van der Linden and Thijsse 1965).
Yadav and Reddy (1993) reported that the white-rot fungus Phanerochaete chrysosporium efficiently
degraded ethylbenzene as well as other benzene, toluene, ethylbenzene and xylenes (BTEX) compounds
when these chemicals were added either individually or as a composite mixture. In addition, substantially
greater degradation of all the BTEX compounds was observed in static rather than in shaken liquid
cultures. Furthermore, degradation was greater at 25°C than at 37°C, but pH variations between 4.5 and

7 had little effect on the extent of the degradation. Chen and Taylor (1995) reported that 2 thermophilic
bacterial strains, Thermus uquuticus and an unidentified Thermus sp. degraded ethylbenzene (in a mixture
with other BTEX chemicals) by 18% after 45 days of incubation at 70°C and by 32% after 45 days of
incubation at 60°C respectively. Zappi et al. (1996) reported that ethylbenzene degraded rapidly in a pilot
scale bioslurry reactor under aerobic conditions. The initial concentration (0.35 mg/kg) was degraded by

94% in 2 days.
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Biotic transformations by aerobic soil microbes involve oxidation of the ethyl side chain to form phenylacetic
acid (Van Der Linden and Thijsse 1965) and 1-phenylethanol (Bestetti and Galli 1984 as cited in

ECETOC 1986); ring hydroxylation to form 2,3-dihydroxy-1-ethylbenzene (Gibson et al. 1973),
2-hydroxyphenlacetic acid, 4-hydroxyphenylacetic acid, and 2,5- and 3,4-dihydroxyphenylacetic acid (Van
der Linden and Thijsse 1965); and ultimate ring cleavage to form straight chain carboxylic acids such as
fumaric and acetoacetic acids (Van der Linden and Thijsse 1965). The major degradation pathways for

ethylbenzene are summarized in Figure 5-3.

Anaerobic degradation of ethylbenzene based on observations from studies conducted under anaerobic
conditions in other media and as discussed above (Bouwer and McCarty 1983, 1984; Wilson et al. 1986),
would be much slower than that observed under aerobic conditions. Ramanand et al. (1995) studied the
biodegradation of several organic pollutants including ethylbenzene in soil columns under denitrifying
conditions. These authors reported that one of the significant factors governing biodegradation is the
availability of suitable electron acceptors. The biodegradation of ethylbenzene, toluene, and xylenes has
been demonstrated in laboratory samples obtained from subsurface habitats or in pure cultures under
dinitrifying conditions (Hutchins 1991; Hutchins et al. 1991). Ramanand et al. (1995) reported that soil
column bacteria, after sufficient acclimation time, metabolized 100-500 uM of toluene and ethylbenzene in
less than 6 days under denitrifying conditions. These compounds were successfully degraded under anoxic

conditions by the addition of nitrate and by stimulating the indigenous soil denitrifying bacteria.

The kinetics of biodegradation appear to be site specific, and depend upon factors such as the type and
population of microbes present, the environmental temperature, the concentration of ethylbenzene, the
presence of other compounds that may act as a substrate, and the amount of oxygen and electron acceptors
present. Biodegradation in soil will also compete with migration processes such as volatilization and

infiltration to groundwater.

5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT

Reliable evaluation of the potential for human exposure to ethylbenzene depends in part on the reliability of
supporting analytical data from environmental samples and biological specimens. In reviewing data on
ethylbenzene levels monitored or estimated in the environment, it should also be noted that the amount of

chemical identified analytically is not necessarily equivalent to the amount that is bioavailable. The
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analytical methods available for monitoring ethylbenzene in various environmental media are detailed in

Chapter 6.

5.4.1 Air

Ambient air levels of “volatile organic compounds, including ethylbenzene, were monitored as a part of a
multi-media study known as the Lower Rio Grande Valley Environmental Scoping Study. Monitoring was
preformed at a “central” site and at a “border” site in the Brownsville, Texas, a